The high-statistics data sets collected by the LHC experiments during the heavy-ion runs allow for a detailed study of the azimuthal anisotropy of charged particles. This report presents the selected results of v n measured in Pb+Pb collisions at √ s NN = 5.02 TeV and Xe+Xe collisions at √ s NN = 5.44 TeV, with emphasis on the higher order Fourier coefficients, v n , sensitive to initial state fluctuations of the medium created in ultrarelativistic heavy-ion collisions.
Introduction
Strongly-interacting Quark-Gluon Plasma (QGP), produced in ultrarelativistic heavy-ion collisions, exhibits hydrodynamical properties such as collective flow [1, 2] . The initial geometry of the non-central heavy-ion collision determine the initial elliptical shape of the interaction region. The dynamics within the plasma, as it expands, translate the spatial asymmetry of the initial-state into the final-state anisotropy in the momentum space. This leads to an anisotropic particle distribution, commonly expressed with the Fourier series: dN dφ ∝ 1 + n 2v n cos [n (φ − Ψ n )], where φ is the particle's azimuthal angle, Ψ n is the azimuthal angle of the reaction plane of the overlap region and the v n is the Fourier coefficient of n-th order. The second order flow coefficient, v 2 , called elliptic flow, is related to the spatial asymmetry of the collision zone. Higher order Fourier components of the angular distribution arise from fluctuations in the initial positions of the nucleons within nucleus, which is different from event to event.
This report focuses on the recent measurements of v n harmonics obtained by the ATLAS experiment in fluctuations of the collision zone in the smaller system. Therefore, studying the Xe+Xe collisions fills the gap between the azimuthal anisotropy measurements done for small pp [9] and p+Pb [10] and large Pb+Pb [11] systems.
Simultaneous measurements of the elliptic flow and higher order flow harmonics provide better understanding of the properties of the initial state interaction region and the QGP medium created in heavy-ion collisions. Over the years, several experimental techniques were developed to calculate the v n coefficients. Comparisons of v n harmonics measured with different methods directly probe flow harmonics fluctuations. Three commonly used methods are briefly described in the next section.
The v n measurement
The two-particle correlation (2PC) method [12] is based on measuring pair distributions in the relative pseudorapidity, ∆η = η a − η b , and the azimuthal angle ∆φ = φ a − φ b of correlated particles. In this technique, the v n harmonics can be extracted by parametrizing the two-particle azimuthal distribution
The correlated particles are selected from given p T ranges for each, the "reference" particle ("a") and the "associated" particle ("b"). The 2PC method is focused on studying long-range correlations, thus the ∆η is usually chosen to be |∆η| > 2, to suppress non-flow correlations. Non-flow correlations are correlations due to processes not related to the flow phenomena, such as particle decays or jet production. In the scalar-product (SP) method [13] the v n coefficients are obtained using the scalar-products of a particle unit flow vector, u = e inφ with the reference flow vectors, Q n = j w j e inφ j , measured at forward rapidities. The 2PC and SP methods measure the same quantity, which is v 2 n [14] . Any non-flow contributions in the SP method are suppressed by requiring a large separation between pseudorapidities of particles used for the unit and reference flow vectors determination, e.g. in ATLAS it is required that |∆η| > 3. 2 [3] .
The 2PC method can be extended to the multi-particle cumulants of 2k-particle azimuthal correlations [15] . Commonly, the v n harmonics are measured using 4-, 6-and 8-particle correlations. The cumulants of large number of particles (e.g. 8-particle cumulant) do not contain correlations of fewer number of particles (e.g. 2-particle correlations), thus, any non-flow effects are significantly suppressed. Additional advantage of the cumulant method is its sensitivity to flow fluctuations [16] . Assuming Gaussian flucKBurka˙WPCF18 printed on March 21, 2019 3 tuations, the 4-, 6-and 8-particle cumulant harmonics can be expressed by v n {2k} = v 2 n − σ 2 vn (for k >1), while the 2-particle cumulant harmonics v n {2} = v 2 n + σ 2 vn , where the σ 2 vn is the standard deviation of the v n distribution. The observed p T dependence is typical for v n harmonics. An almost linear increase of v n values up to p T = 2-3 GeV is measured which is followed by a gradual rise to a maximum at p T = 3-4 GeV and then continuous decrease for higher p T is observed. The v 2 (p T ) values persist to be positive even at the highest measured p T = 60 GeV, which implies the path-length dependence of parton energy loss in the created medium. The dependence on the number of nucleons participating in heavy-ion collision, N part , of the integrated v n measured using SP method in Pb+Pb collisions at √ s NN = 5.02 TeV is presented in Fig. 2 . The second order flow coefficient is dominant almost over the whole centrality range except for the most central collisions, where the v 3 and v 4 become more prominent than v 2 . This indicates that in the most central collisions the magnitude of v n harmonics is driven by fluctuations in the initial geometry of the collision zone. The v 7 harmonic is found to be non-zero for collisions of 0-50% centrality. The elliptic flow and higher order flow coefficients, v 2 -v 5 , are also 
Results

Pb+Pb v n results
Xe+Xe v n results
The differential v n results as a function of p T measured using 2PC method in Xe+Xe collisions at The v 2 (p T ) and v 3 (p T ) obtained in Xe+Xe collisions with the 4-particle cumulant method are presented in Fig. 4 for three centrality intervals: 5-10%, 20-40% and 40-60% [4]. The 4-particle cumulant is sensitive to v n fluctuations and suppresses two-particle non-flow correlations. Therefore, the v n {4} values are smaller than those obtained with the 2PC or SP methods, however similar trends in p T and centrality dependences for cumulant, SP and 2PC results are observed.
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